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LIVER TRANSPLANTATION: DOES PROLONGED STORAGE
PROMOTE NON-ANASTOMATIC BILIARY STRUCTURES?
ABSTRACT
Noack, K., Bronk, S.F., Kato, A. and Gores, G.J. (1993) The greater vulnerability of
bile duct cells to reoxygenation injury than to anoxia. Transplantation 56: 495-500.
The occurrence of biliary stricutures in allografts following liver transplantation cor-
relates with the duration of preservation time. The correlation between preservation time
and biliary strictures suggests that anoxic or reperfusion injury ofthe bile duct epithelium
causes stricture formation. However, the relative susceptibility of bile duct cells to anoxic
or reoxygenation injury is unknown. Our aims were to determine the vulnerability of rat
liver bile duct cells to anoxic and reoxygenation injury and to compare the results with
hepatocytes. During anoxia, bile duct epithelial cells were significantly more resistant to
cell killing than hepatocytes. Rates of cellular proteolysis were also 2.5-fold lower in bile
duct cells than in hepatocytes during anoxia. In contrast to anoxia, reoxygenation of
anoxic cells increased cell killing of bile duct cells but improved viability of hepatocytes.
The rate of toxic oxygen species formation by bile duct cells was 5-fold greater than in
hepatocytes during reoxygenation. In addition, basal levels ofglutathione are lower in bile
duct cells than in hepatocytes. These data suggests that bile duct cells are more susceptible
to reoxygenation injury than to anoxia. These studies support the hypothesis that
reoxygenation injury during liver preservation leads to bile duct injury during liver
transplantation.
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PAPER DISCUSSION
Limitations in organ preservation still constitute a
major problem in organ transplantation. The intro-
duction of the University ofWisconsin (UW) solution
in the late 1980’s was seen as one of the major ad-
vances in liver transplantation1,2. With the UW solu-
tion liver grafts could be preserved for significantly
longer periods. However, although the experimental
data suggested that liver grafts could be preserved for
beyond 24 hours, this initial optimism was not con-
firmed by the early clinical results. The large European
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multicenter study found that liver grafts preserved for
longer than 12 hours were associated with poorer
initial graft function, a greater incidence of primary
non-function, more hepatocyte necrosis and poorer
longterm outcome.
Preservation injury of the liver allograft consists of
both an ischaemic injury and a reperfusion injury.
Clearly the UW solution protects the liver against the
ischaemic component ofthe preservation injury. How-
ever, reperfusion injury is being cited increasingly as a
cause of primary nonfunction or poor early graft
function and specific strategies directed at this com-
ponent are now being introduced3,4.
Non-anastomotic biliary strictures involving the
biliary tree of the liver allograft have been identified
with increasing frequency5. The occurrence of these
bile duct strictures correlates with the duration of cold
ischaemic storage time. It has been suggested that both
an anoxic and reperfusion injury of the bile duct epi-
thelium are involved in the pathogenesis of bile duct
stricture formation. Since different mechanisms are
involved in these two types of injury, it seems impor-
tant to determine the relative role ofeach type ofinjury
in the pathogenesis of bile duct strictures. In the above
study, Noack et al. have used novel techniques to
compare the vulnerability ofbile duct epithelial cells to
anoxic and reperfusion injuries.
Recent developments in the technology of isolating
and separating bile duct epithelial cells and hepato-
cytes have made such studies possible6. In this study
suspensions of bile duct cells and hepatocytes were
subjected to variable periods of anoxia, followed by
exposure to oxygen. Cell viability and degree of
proteolysis were determined after anoxia and after
reoxygenation. After anoxia, the cell viability was
significantly greater and the magnitude of proteolysis
significantly less for bile duct epithelial cells than for
hepatocytes. Interestingly, reoxygenation of the bile
duct epithelial cells resulted in increased cell death as
compared with anoxia. In contrast reoxygenation of
the hepatocytes was associated with increased sur-
vival. Following reoxygenation, the rates offormation
oftoxic oxygen species were significantly greater in bile
duct cells as compared with hepatocytes. Bile duct cells
were also shown to contain less glutathione. Thus bile
duct epithelial cells appear to be more resistant to
anoxia and more susceptible to the reoxygenation
injury as compared with hepatocytes.
The authors acknowledge that the formation of bile
duct strictures following liver transplantation may be
the result of an injury to the microvasculature of the
bile duct arteriolar plexus which would cause an isch-
aemic bile duct injury. Vascular endothelial cells, like
bile duct cells, are susceptible to reoxygenation injury
and resistant to anoxia. Thus, although reoxygenation
appears to be the mechanism of bile duct injury, the
precise principle target cell could be either the bile duct
epithelial cell or the vascular endothelial cell.
The authors also acknowledge that these findings
are limited both by the in vitro nature of the experi-
ments and by the use of cells derived from rat livers
since susceptibility to reperfusion injury does differ
between species. For example, human hepatocytes are
more resistant to anoxia-reoxygenation injury than rat
hepatocytes7. Thus extrapolation to the in vivo
situation is difficult and is compounded by the multi-
ple variables present in the clinical setting.
Despite these limitations, these findings are both
interesting and have several important implications.
Firstly, these studies provide important information
about the pathophysiology of bile duct injury during
liver transplantation. The greater vulnerability of bile
duct cells to reoxygenation injury and relative resis-
tance to anoxia has important therapeutic implica-
tions. Further improvements in preservation solutions
would have to address both the problems of anoxia
as well as the reoxygenation; in fact, free radical
scavengers are an important component of the new
preservation solutions. "Wash-out" solutions, such as
the Carolina Rinse solution for liver transplantation,
also contain free radical scavengers8. However, the use
offree radical scavengers has not been optimised and it
may be necessary to administer these scavengers
several hours before the procurement of organs for
transplantation or to treat the recipient for several
hours before transplantation.
The new "wash-out" solutions in liver transplanta-
tion have been developed to minimise the reperfusion
injury9. Carolina rinse solution has been shown to
minimise the degree of liver injury after liver trans-
plantation. Recent studies have shown that flushing
the liver with portal blood prior to revascularisation
protects against reperfusion, and decreases the
amount of liver injury and improves early graft
functionl. It would be interesting to see if these
new strategies directed at the reperfusion injury
influence the incidence of non-anastomotic bile duct
strictures.
The finding of an increased susceptibility of bile
duct cells to reperfusion injury is compatible with the
report that Carolina Rinse solution, designed to mini-
mise reperfusion injury, was more effective in improv-
ing markers of cholestatic injury than in decreasing
markers ofhepatocellular necrosis8. In other words theHPB INTERNATIONAL 115
bile ducts appear to bear the brunt of the reperfusion
injury.
The experiments described by Noack et al. can
obviously be extended to other transplantable solid
organs. For example, the relative susceptibility of glo-
merular cells and renal tubular cells to either anoxia or
reoxygenation would be of interest. Other organs
affected by disease processes in which the reperfusion
injury has been implicated can also be studied using
the techniques described above.
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RESECTION MARGINS FOR COLORECTAL METASTASES TO THE
LIVER: DO THEY MAKE A DIFFERENCE?
ABSTRACT
Yamamoto, J., Sugihara, K., Kosuge, T., Talcayama, T., Shimada, K., YamasakL S.,
Sakamoto, M. and Hirohashg S. (1995) Pathologic supportfor limited hepatectomy in
the treatment ofliver metastasesfrom colorectal cancer. Annals ofSurgery, 221" 74-78
Objective
The authors determined an appropriate surgical treatment for liver metastases from
colorectal cancers. Clinicopathologic featuresof metastatic lesions of colorectal cancers
were studied.
Summary Background Data
Major hepatic resection is the usual procedure for treatment of hepatic metastases from
colorectal cancers.